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The object of the following study which has extended over a period 
of nearly 6 years has been to provoke in the dog by a  single severe 
injury reparative processes involving the various histological elements 
of the kidney which may have definite functional expressions and at 
various stages of the acute injury and during the processes of repair 
which finally terminate in  a  chronic nephritis,  to  study the micro- 
scopic alterations in renal structure as correlated with the functional 
disturbance expressed by changes in the blood and urine. 
No general review dealing with acute uranium nephritis will be at- 
tempted in this study.  A  detailed review (1) of the subject has been 
previously made and is available.  The question of the selective affin- 
ity of uranium for the different histological elements of the kidney, 
especially in  connection with the present experiments, warrants  an 
analysis. 
Leconte (2), and much later Richter  (3,  4), observed the ability of uranium 
salts to induce an acute renal injury.  Schirokauer  (5) and Heineke and Myer- 
stein (6) induced both vascular and epithelial injuries from uranium and noticed 
the occurrence of an edema. Much later than this  Christian  (7), Christian, 
Smith and Walker (8) and Christian and O'Hare (9) in  their experiments with 
rabbits noted the predominance of the renal injury from uranium in the tubules 
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and also described  structural  changes in the glomeruli in the form of an acute 
degeneration  characterized  by  the  formation of hyaline  droplets.  In  a  later 
paper by O'Hare (10), in which dogs were used in place of rabbits,  he was unable 
to induce the hyaline changes in the glomerular capillaries but noted  the marked 
selective action of the poison for the renal tubules.  Pearce  (11) in his early work 
with  dogs  classes uranium  along  with  the  chromates  and  considers  the  early 
damage  to the kidney to be largely confined to the convoluted  tubules.  In the 
initial  studies  of Schlayer  and Hedinger  (12) which  were followed by those  of 
Pearce,  Hill and Eisenbrey  (13) on the vascular response of the kidney acutely 
nephropathic  from various agents,  the localization  of the nephrotoxic  action of 
uranium to the convoluted tubules was emphasized, and the fact established  that 
with such  an injury the vasoconstrictor and vasodilator response  of the renal 
vessels  remained  unaffected.  In several  studies  (14-17)  from  this  laboratory 
both of a functional and anatomical  character similar conclusions were made rela- 
five to the localization of the uranium action during the early stages of the intoxi- 
cation.  In  1912 Suzuki  (18) and  later  Mitamura  (19) working  in  Aschoff's 
laboratory demonstrated  by a process of intravital staining,  not only the a~nity 
uranium has for the proximal convoluted tubule, but for different segments of these 
tubules.  In these  researches the resistance  of certain  types of regenerated  epi- 
thelium  was  noted  and  the  changes  of repair  discussed.  In later  papers  by 
Oliver  (20, 21)  and by MacNider  (22), functional  changes have been considered 
in relation  to the acute tubular injury and during the subsequent  stages of early 
epithelial  repair.  From  the  anatomical  studies  to  which  reference  has  been 
made, as well as those which include superficial functional  observations,  it would 
appear as established  for the dog that uranium induces an acute injury which is 
predominantly tubular  in character and  that  the  vascular  injury in  the  early 
stages, if it occurs at all, is largely functional.  The main histological evidence for 
the acute glomerular  injury may only develop  much later,  and consists  in  the 
changes of repair which arise in the glomerular capillaries and their surrounding 
capsule. 
Likely on account of the frequency  with which  the acute renal  injury from 
uranium has returned to a functional  normal the substance  has not been exten- 
sively used to induce a chronic nephritis.  In 1909 Dickson (23, 24) by the use of 
uranium over long periods  in guinea pigs, rabbits and dogs was able to induce a 
chronic renal injury with changes in the type of tubular epithelium,  glomerular 
changes and an overgrowth of connective tissue.  These studies were followed by 
those of Smith (25), O'Hare (26), Frothingham,  Fitz, Folin and Dennis  (27) and 
those of MacNider and Oliver previously referred to.  Very recently Hunter (28) 
has studied  the anatomical changes incident  to repair  in a uranium nephritis  in 
rabbits and has continued these studies to the stage of chronic renal injury. 
Technique of Experiments. 
Eighty-six dogs were employed in this study.  Fourteen of the animals during 
the period allowed for preliminary observations were found to be naturally nephro- WILLIAM DEB. MACNIDER  389 
pathic and were excluded from the series.  Seventy-two of the animals showed no 
abnormality  and  were  used  for experimental  purposes.  Depending  upon  the 
reaction of these animals to a constant quantity of uranium nitrate per kilo when 
given subcutaneously in terms of their ability to withstand the acute intoxication 
or to develop processes of repair,  they may be divided into three  groups.  In 
previous studies  (29, 30)  the observation has been made in connection with the 
susceptibility of dogs to the general anesthetics, the ability to establish protection 
against such bodies, as well as concerning the nephrotoxic action of uranium ni- 
trate, that the age of the animal, regardless of the weight, very largely determined 
the severity of the animal's reaction both pathologically and functionally.  The 
same factor, that of age, has more recently been found to exert its influence during 
gestation in determining the incidence of the development of a disturbance in the 
acid-base equilibrium of the blood in pregnant dogs (31, 32).  On this account, in 
the series  of dogs now under consideration animals were selected in widely sep- 
arated age groups with the object in view of modifying the intensity of the acute 
degenerative phase of the kidneys' reaction to uranium.  Group I  is represented 
by twenty-one dogs which were over 7 years of age.  These animals either died 
during the acute stage of the nephritic process or were killed for purposes of study. 
Group II comprises fifteen dogs which,  after having developed a  severe  acute 
nephritis,  returned  to a  complete functional normal.  Group III is made up of 
thirty-six animals which, after having developed an acute nephritis failed to make 
a functional adjustment back to the normal, but were'left with  such changes in 
the kidneys and gave evidence of such functional alterations in the blood and urine 
that  they have been classed as animals with a  chronic nephritis.  The dogs in 
Groups II and III were between 1 and 2 years of age.  Only these relatively young 
animals in the last two groups were able after the development of an acute nephritis 
to return  to a  functional normal or to a  state  of pathological repair  with  the 
acquisition of a chronic nephritis. 
During the various periods of study the animals were kept in metabolism cages, 
given 500 cc. of water daily by stomach tube and allowed an unrestricted mixed 
diet of bread with butter, milk and meat.  Catheterized specimens of urine were 
examined for albumin by the usual heat and acid test and in addition by the very. 
delicate contact reagent of Mayer.  Centrifugalized specimens were studied for 
casts.  The immediate functional capacity of the kidneys during a 2 hour period 
was determined by the phenolsulphonephthalein  test of Rowntree and Geraghty 
(33).  Evidence of a  renal dysfunction in terms of retention was ascertained by 
blood urea determinations by the method of Marshall  (34)  as modified by Van 
Slyke and Cullen (35) and by non-protein nitrogen and creatinine  determinations 
by the methods of Folin and Wu (36).  Alkali reserve determinations of the blood 
and the volume per cent of carbon dioxide were used as indices of a disturbance 
in the acid-base equilibrium of the blood and were made by the methods of Mar- 
riott (37) and Van Slyke and Cullen (38). 
The animals were given one subcutaneous injection of 4 mg. of uranium nitrate 
per kilo.  Observations subsequent to the injection were in a measure determined k~ 
c~ 
+ 
c~ 
<s 
o--~  o  ~ 
~  e'O  ~  o.., N 
~  ~.~ 
~.~  o~  ~ 
~.~  ~  ~ 
..0~  0.,  0 
~.~  ~ 
~  ~ ~ ~.~ 
~  ,,-'  "~  ~  "~°  o~ 
.~d  ~.~ 
m~o  .o 8+' 
..  o  "~o  ~o~  "~  °~  "~.~  .~  .~ 
390 
P°°lq  ~  ~.  ~  o  ..~ 
•  3~ OOl ~cl ~m.u~oz  D  ~  ¢~  ~,  ~ 
poolq "~ 00~ ~  c~  ~  ~ 
tO 
~,u0:~0~  V  0  ~  0  ~:) 
~;~ z~d u.nnnql v  ~  o  ~o  ~  ~o 
,j  t~r.. ~'~  ~ 
e~ 
Le~ 
0 
~.~ 
0 
w~ 
0 
391 392  CHRONIC  NEPHRITIS  BY  URANIUM  NITRATE 
by the severity of the animal's reaction and by the findings in the urine and blood 
which made it desirable to terminate a given experiment for the purpose of checking 
the functional response with the then existing pathological changes in the kidneys. 
Group  I.  Animals  wilh  an  Acute  Nephritis  Which  either  Died  as a 
Result of the Process or Were Terminated during Its Course. 
Twenty-one dogs are included in this group.  Table I  gives in detail 
the  course of the  nephritis  in  Experiment  50.  None of the  dogs in 
this older group survived the acute injurylonger than 14 days.  They 
were used at intervals of 2  or 3  days from the commencement of the 
nephritis to the 14th day for purposes of histological study in connection 
with the functional findings. 
By the commencement of the 3rd day following the use of uranium the animals 
became polyuric with a urine containing albumin which varied in amount  from 
1.5  to 4.6 gm.  per  liter.  The  urine  contained  both  glucose  and  acetone  and 
coarsely granular casts.  This type of cast without a transition to the hyaline type 
persists  throughout  the acute nephritis.  In Experiment  50,  Table I,  Group I, 
the urine increased from 512 cc. to 1440 cc.  At the same time that such changes 
took place in the volume output of urine, there occurred a marked reduction in the 
elimination of phenolsulphonephthalein,  a  depletion in the reserve alkali of the 
blood and  a  beginning retention  of urea,  non-protein nitrogen  and  creatinine. 
These changes increased in severity throughout the course of the experiments in 
this group.  In the animal of Experiment 50, the elimination of phenolsulphone- 
phthalein was reduced on the 3rd day of the nephritis from the normal of 75 per 
cent  to 35 per cent the reserve alkali of the blood from the normal of 8.1 to 7.9 with 
a  commencing retention  of  urea,  non-protein nitrogen and  creatinine.  On the 
7th day of the nephritis there was a total output of urine of 511 cc., which contained 
1 gin. of albumin per liter, glucose and numerous broad, granular casts.  There was 
no elimination during a 2 hour period of phenolsniphonephthalein.  The reserve 
alkali of the blood was reduced to 7.7; there was a retention of Mood urea of 120 
mg., non-protein nitrogen of 255 mg. and of creatinine of 6.1 rag.  On the 13th 
and terminal day of the nephritis with an intake of 500 cc. of water which was 
vomited, there was an output of 291 cc. of urine which contained  albumin with 
no apparent change in  the  number or character of the casts.  Phenolsulphone- 
phthaiein was present as a trace and the reserve alkali of the blood was 7.85.  There 
was a retention of 150 nag. of urea, 216 mg. of non-protein nitrogen and 5.3 mg. 
of creatinine.  The animal died in convulsions on this day of the experiment.  In 
Experiment  11,  on the 2nd day of the nephritis,  the animal formed 916 cc. of 
urine,  which contained granular  casts  and  3.8  gm. of albumin per liter.  The 
elimination  of phenosulphonephthalein  was reduced from the normal of 82 per 
cent to 14 per cent, the reserve alkali to 7.8 from a normal of 8.1.  There was a WILLIAM  DEB. ~¢ACNIDER  393 
retention of blood urea of 71 mg., non-protein nitrogen of 168 nag. and creatinine 
of 4.2 rag.  On the 3rd day of the nephritis  there was a volume output of 1086 
cc. of urine with a negative elimination of the dye, a reserve alkali of 7.6, a retention 
of urea of 112 rag., non-protein  nitrogen of 271 rag. and creatinine  6.7 rag.  The 
experiment  was terminated  to study the early renal  injury in connection with 
its functional expression. 
The autopsies on the animals in the various groups, unless otherwise 
noted, were performed immediately after death or during the death 
process.  Other than the total output of urine and its contents, the 
final data obtained from each animal are an expression of the animal's 
functional response within an hour of its death. 
The kidneys of the animal of Experiment 50 were swollen.  The capsule was 
not  adherent.  On  section  there  was  a  marked  congestion,  especially  of  the 
medulla.  The giomeruli  were  prominent.  The histological  study showed  the 
glomerula capillaries distended  with blood.  Thrombosis of these vessels was not 
observed.  There were no subcapsular  or intertubular exudates.  The capillary 
endothelium  was prominent with deeply  staining  nuclei.  There was no hyper- 
plasia of the capsular epithelium  and no evidence of glomerular or perlglomerular 
connective tissue formation.  The severity of the changes in the convoluted tu- 
bule epithelium and its attempts at repair showed some variation in the respective 
animals,  the amount depending  upon the duration of the acute nephritis.  The 
vascular pathology remainedconstant in the animals of the group.  In the animal 
of Experiment  50,  the epithelium  of the proximal  convoluted  tubules  was ede- 
matous, vacuolated and in areas  necrotic.  The nuclei  appeared as  shadows or 
had fragmented.  Endothelial  leucocytes  were present in the areas  of necrosis. 
The epithelium of the descending and ascending limbs of Henle's loops appeared 
normal.  In four animals  of this  group obtained for autopsy between  the  4th 
and 10th days of the nephritis, occasional mitotic and premitotic figures were found 
in the degenerated material of the convoluted tubules.  These changes indicative 
of an attempt at repair  were not observed in animals  after the 10th day of the 
injury (Fig. 1). 
Conclusions for Group I. 
1.  The animals of the group, when given uranium nitrate under the 
conditions of  age  and  dosage  as  enumerated,  developed an  acute 
nephritis characterized by an early and severe injury to the proximal 
convoluted tubule epithelium and with but slight evidence of repair to 
such cells.  The associated glomerular injury is characterized by the 
absence of any marked structural change other than a prominence of 394  CHRONIC  NEPHRITIS  BY  URANIU~  NITRATE 
the capillary endothelium and an engorgement of these vessels  with 
blood. 
2.  The  functional  expression  of  this  pathology consisted  in  the 
animal's becoming polyuric with an albuminous urine containing casts. 
If the intake of water could be maintained, the animals persisted as 
long as 14 days in a polyuric state, the output of urine equaling or 
exceeding the  fluid  intake.  Associated with  these  changes in  the 
volume output of urine there developed with the commencement of 
the epithelial injury, at a time when there was no structural evidence 
of giomerular injury, and  progressed as the epithelial injury became 
intensified, a reduction in the elimination of phenolsulphonephthalein, 
a depletion in the reserve alkali of the blood and a marked retention 
of urea, non-protein nitrogen and creatinine.  The mechanism con- 
cerned  with  water  output  becomes  hyperactive,  while  that  con- 
cemed with dye elimination and the elimination of certain endogenous 
waste products becomes progressively inactive. 
Group II.  Animals that, following the Development of an Acute Nephri- 
tis, Return to a Complete Functional Normal. 
Fifteen of the seventy-two  dogs which were given an acute nephritis 
from uranium were able to effect such changes of repair in the kidney 
that they returned to a state of normal renal function.  The animals 
of the series which were  able to make this functional readjustment 
were young dogs between 1 and 2 years of age.  The technique of the 
experiments used in this group was  identical with that employed in 
Group I.  For this reason the animals in Group I  serve, in so far as 
the acute nephritic process is  concerned, as control experiments for 
the animals in Group II.  In order to further establish as a fact that 
the animals of Group II which returned to a functional normal had in 
the early stages of the nephritis developed a  renal injury similar in 
character to the animals of Group I, the following procedure was under- 
taken.  During the acute phase of the nephritis in four of the animals 
when there was the usual correlation between the acute process and 
diminished renal function,  the  animals were protected against  the 
anesthetic by a solution of glucose  (39) and under a light morphine- 
ether anesthesia a wedge-shaped piece of tissue was removed from the 
upper pole of the left kidney.  The animals recovered  from the surgical WILLIAM~  DEB.  MACNIDER  395 
interference and finally returned to a  functional normal.  The patho- 
logical changes observed in this material were similar in character and 
localization,  though  not  in  intensity,  to  the  changes previously de- 
scribed as occurring in the kidneys of the animals of Group I  during 
an  acute  nephritis.  The  acute  changes in  the  glomeruli  showed  no 
variation from those described for the previous group.  There was a 
decided variation in the degree of injury  to  the  proximal convoluted 
tubule cells.  This observation as well as the type of repair likely ex- 
plains the great variation found to exist in the rapidity of the recovery 
of  different  animals  of the  group.  The earliest  return  to  a  state  of 
functional normal was on the 19th day following the commencement of 
the  nephritis,  while  the  latest  return  to  such a  state was in the 7th 
month following the  acute injury.  Between  these  two extremes the 
remaining  animals  were  used  for  study  at  intervals  varying  from 
1 month  to  8  months  after the development of the acute nephritis. 
Following the use of uranium in this group of animals the functional 
disturbance was similar in character though less severe than in the dogs 
of Group I. 
The animal of Experiment 27, Table I, Group II, on the 2nd day of the ne- 
phritis had become polyuric with an output of 960 cc. of urine.  The urine con- 
tained  1.4 gin.  of albumin per liter, a  trace of acetone and numerous granular 
casts.  The elimination of phenolsulphonephthalein was reduced from 72 per cent 
to 60 per cent and the reserve alkali of the blood from 8.1 to 7.95.  There was no 
retention of urea, non-protein nitrogen or creatinine.  The lack of retention of 
these bodies is of interest in connection with the high percentage elimination of 
the dye.  On the 6th day of the nephritis the functional disturbance was at its 
height.  The animal had a volume output of 1134 cc. of urine which contained 2 
gin.  of albumin per liter and with an increase in the number of granular casts. 
The elimination of phenolsulphonephthalein was reduced to 15 per cent and the 
reserve alkali of the blood was depleted to 7.85.  There was a retention of 60 mg. 
of urea, 133 nag. of non-protein nitrogen and 4 mg. of creatinine.  At this stage 
of the acute nephritis the animal was anesthetized and kidney tissue removed to 
check the histological  changes in the acute state with the processes of repair should 
the animal later return to a functional normal or develop a chronic nephritis.  On 
the 11th day of the nephritis there was definite evidence of functional improvement. 
The animal remained polyuric with an output of 860 cc. of urine which contained 
1.2 gin. of albumin, an increase in the number of hyaline casts and a decrease in 
the number of coarsely granular casts.  The phenolsulphonephthalein elimination 
had increased to 30 per cent and the reserve alkali to 7.95.  The retention of urea t  I  o  t 
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had dropped to 34 rag., non-protein  nitrogen to 70 mg. and creatinine to 3 nag. 
On  the  19th  day  the  animal  was  functionally  normal.  The  experiment  was 
terminated. 
The kidneys appeared normal in both color and size.  The capsule was not ad- 
herent, and there was a normal relationship in volume between cortex and medulla. 
The glomeruli were not prominent and there was no evidence of congestion.  The 
microscopic study showed many of the glomeruli to be apparently increased in 
size.  The  capillary  walls  were  prominent  and  the  nuclei  of  theendothelium 
hyperchromatic and hyperplastic.  Between the capillary loops were connective 
tissue nuclei.  In some areas the loops had become obliterated,  in others they 
were distended with blood.  The epithelium of the proximal convoluted tubules 
has shown an advanced stage of repair in terms of regenerating epithelial ceils, 
not of an  atypical character,  but  ceils  normal for this  location in  the tubule. 
Mitotic  figures were frequently present  in  these  regenerating  specialized  cells. 
In other cells in which the process of repair had been completed the cytoplasm 
stained uniformly and the nuclei were hyperchromatic (Fig. 2). 
This  animal  has  passed  from a  state  of marked  renal  functionaldepression 
except for the volume output of urine, to one of normal renal function.  The renal 
pathology associated with the former state  consisted in edema and early changes 
of necrosis of the convoluted tubules with a  prominence of the capillary endo- 
thelium  and  a  distention  of the  capillaries  with  blood.  The  renal  pathology 
associated with the latter functional state consisted in a repair to the epithelial 
injury and the development of early connective tissue changes in the glomeruli. 
The course of the nephritis in the animal of Experiment 17, Table II, Group II, 
is characteristic of those animals of the group in which the recovery process was 
much more gradual, in this  instance extending over a period of 7 months. 
On the 2nd day following the  subcutaneous injection of uranium the animal 
became polyuric with an output of 783 cc. of urine  which contained 2 gin. of albu- 
min per liter, glucose and granular casts.  The elimination of phenolsulphoneph- 
thalein was reduced from 75 per cent to  10 per cent and the reserve alkali from 
8.1 to 7.95.  There was no appreciable retention of urea, non-protein nitrogen or 
creatinine.  On the  7th day of the  nephritis  there was 537  cc. of urine which 
contained 0.5 gin. of albumin, numerous granular casts and a few hyaline casts. 
The elimination of the dye had been reduced to 5 per cent and the reserve alkali 
to 7.8.  There was a retention of blood urea of 70 rag., non-protein nitrogen of 
120 rag. and creatinine 4.75 rag.  On this day the  animal  was  anesthetized  and 
a wedge-shaped piece of tissue removed from the left kidney.  This tissue showed 
the usual changes characteristic of the acute stage of the nephritis from uranium. 
On the 24th day of the nephritis the animal formed 400 cc. of urine which was free 
from albumin but contained finely granular and hyaline casts.  The elimination 
of phenolsulphonephthalein  had increased from 5 to 45 per cent and the reserve 
alkali had increased to 8.1.  The retention of blood urea was reduced from 70 to 
15 mg., non-protein nitrogen from 120 to 30 rag.  and creatinine from 4.75 to 1.5 m 
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nag.  This type of functional response, a urine with no albumin  or a trace,  a few 
hyaline and finely granular casts, a low phenolsulphonephthalein  excretion but with 
no retention,  continued  until the 7th month following the commencement  of the 
nephritis,  when the functional response of the animal became normal. 
At the autopsy the kidneys  appeared  normal in  size.  The capsule  was  ad- 
herent in small areas.  On section there was no evidence of congestion and there 
was no disproportion  in volume between the cortex and the medulla.  The micro- 
scopic study showed the glomeruli to vary much in size and in structure.  Many 
of  these  units  showed  connective  tissue  obliteration  of  the  loops  while  other 
capillaries contained  blood.  The glomenflar damage was not uniform.  The cap- 
sules showed a variable  degree of thickening  and frequently the capillary  tufts 
were in part adherent  to the capsules.  The epithelium of the convoluted tubules 
showed two entirely different types of repair.  The first type is similar to that of 
Experiment  27, Table I, Group II, in which normal convoluted tubule cells have 
been replaced by a process of mitosis from such cells which have not undergone 
too severe epithelial injury.  The second form of tubular repair is by an entirely 
different type of cell.  This type of repair takes place in those tubules in which 
the severest epithelial  destruction  has occurred and develops as an ingrowth from 
the lower end of the proximal  convoluted  tubule  or from the upper end of the 
descending limb of Henle's loop of a flattened, at first non-specialized cytoplasmic 
layer in which cell differentiation  is frequently imperfect.  Later as cell differen- 
tiation develops,  these  cells acquire  more  cytoplasm,  stain uniformly  and have 
conspicuous,  deeply  staining  nuclei.  The  functional  significance of  these  two 
types of cells involved in the epithelial  repair  of the convoluted  tubules  will be 
discussed in a second study.  Around many of the glomeruli, between the tubules 
~.nd in areas once occupied by tubules, there is a connective tissue formation both 
in its cellular and fibrous stages (Fig. 3).  This animal, as was the case with the 
animal of Experiment 27, passed from a state of definite renal functional depression 
to one of normal renal function.  The length of time necessary for the animal of 
Experiment  17  to  make  such  a  functional  transition  was  much  longer.  The 
histological  changes  de,¢eloping in  the kidney associated  with  a  restoration  of 
function were in general of the same character in the two animals  and consisted 
in epithelial  repair to the convoluted  tubule epithelium  and obliterative,  fibrous 
tissue changes in the glomeruli. 
Conclusions for Group lI. 
1.  The animals used in this group developed, as did the older dogs of 
Group I, a severe acute nephritis.  The fact that such an acute nephri- 
tic process existed in these animals is not only established by a compar- 
ison of their functional response with the animals of Group I, but by 
obtaining tissue from the kidneys of four of the  animals  during the 
acute nephritis and before any evidence of a return towards the normal 
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2.  The functional response shown by the animals of Group II was 
similar in character but not so severe as that shown by the animals of 
Group I.  The animals of Group II became polyuric with an albumi- 
nous  urine  containing casts.  There was  a  rapid  reduction in  the 
elimination of phenolsulphonephthalein, a decrease in the reserve alkali 
and a retention of urea, non-protein and creatinine.  At such a stage 
of impaired renal function the kidneys showed a marked injury to the 
convoluted tubule epithelium and gtomerutar changes which consisted 
of an acute congestion of the capillary loops.  The endothelial cells 
of the walls of the capillaries  are prominent and their nuclei stain in- 
tensely.  Associated  with  the  epithelial  repair  to  the  convoluted 
tubules  and  coincident with the development of progressive fibrous 
tissue changes in the glomeruti,  there occurred a  decrease and final 
absence of albumin from the urine and  the  character of the  casts 
changed from a granular to a hyaline type and disappeared.  There has 
developed a gradual increase in the elimination of phenolsulphoneph- 
thalein, a decrease in the reserve alkali of the blood and a decrease in 
the retention of urea, non-protein nitrogen and creafinine, until these 
values have reached the normal functional values for the  animals. 
Likely depending upon the severity of the epithelial injury and the 
type and  completeness of the  epithelial repair which followed,  the 
rapidity with which  the animals reestablish a functional normal varied 
in different members of the group. 
Group III.  Animals that, following the Development of an Acute Nephri- 
tis,  Failed  to  Return  to  a  Functional  Normal.  Animals 
with  a  Chronic Uranium Nephritis. 
Of the  seventy-two dogs  which were used in  the present study, 
thirty-six of the number developed such evidence of altered renal func- 
tion and have shown such chronic changes in the kidneys that they can 
be classed as animals with a chronic nephritis.  The duration of such 
processes existed in the animals from 2 years and 3 months to 5 years 
and 4  months.  In  six  of these animals during the  stage of  acute 
nephritis a wedge-shaped piece of kidney tissue was removed to serve 
as an anatomical control for the existing acute functional disturbance 
and for subsequent changes in the kidneys which might develop from 
the nephritis.  The experiments in this group were terminated at vari- ~2 
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ous stages in the nephritis as might be indicated by changes  in  func- 
tion, and finally in a larger number of animals after sufficient time was 
allowed as determined by changes in the blood and urine to indicate 
that the animals were unable to effect any further functional improve- 
ment.  The  animals of Experiments  66  and 21  are representative  of 
the course of the chronic nephritis in this group of thirty-six dogs. 
On the 6th day of the acute nephritis in the dog of Experiment 66 there was an 
output of 1200  cc. of urine which contained 2 gm. of albumin per liter, glucose 
and acetone with numerous granular and hyaline casts.  There was no elimination 
of phenolsulphonephthalein in a 2 hour period, the reserve alkali was reduced from 
the normal of 8.1 to 7.8; there was a retention of blood urea of 45 mg., non-proteln 
nitrogen of 78 rag. and 4.6 rag. of creatinine.  At this period of the  experiment 
renal tissue was removed as a control.  The changes in this tissue were similar to 
those previously described for the animals of Group I  and Group II at the height 
of the acute nephritis.  On the 25th day of the nephritis the amount of albumin 
had  decreased along with  a  decrease in  the volume output  of urine  with  but 
apparently little change in the number of casts.  There was a  trace of phenol- 
sulphonephthalein eliminated in  a  2  hour period and  the reserve alkali of the 
blood had increased to 7.9.  The evidence of retention had increased so that the 
blood showed 100 mg. of urea,  128 mg. of non-protein nitrogen and 6.1  rag. of 
creafinine.  On the 35th day of the experiment there was an output of 511  cc. of 
urine which contained albumin but with a marked decrease in granular casts and 
an increase in the hyaline type.  The elimination of phenolsulphonephthalein was 
12 per cent and the reserve alkali of the blood had increased to 7.95.  The reten- 
tion of urea nitrogen had decreased to 33 rag., non-protein nitrogen to 50 nag. and 
creatinine to 3.1 rag.  From this period to the termination of the experiment, 2 
years and 3 months from its commencement, the functional response of the animal 
varied but little.  At this time the 24 hour output of urine was variable.  On the 
last day of the experiment there was an output of 811 cc. of urine which contained 
albumin and hyaline casts.  There was an elimination of 34 per cent of phenol- 
sulphonephthalein, a normal alkali reserve of the blood of 8.1, a retention of blood 
urea of 30 mg., non-protein nitrogen of 54 mg. and creatinine 2.4 mg.  The results 
obtained in the second type experiment for the group, Experiment 21, Table I, 
Group III, are similar to those described for the preceding animal.  In the animal 
of Experiment 21 renal tissue was removed on the 13th day of the acute nephritis to 
use for control purposes.  The experiment was terminated 2 years and 8 months 
after the commencement of the acute nephritis. 
The pathology of the kidney during the acute stage of the iniury was similar in 
type to that described for the animals of Groups I  and II (Fig. 4).  The chronic 
renal pathology developing as a  result of an attempt at repair with a failure to 
reestablish normal function was ad follows.  The kidneys are small and the surface 
irregular.  The capsule is thickened and adherent.  The tissue cuts with resistance WILLIAM  DEB.  ~AcNIDER  405 
and on section there is a marked thinning of the cortex.  The histological study 
showed a general glomerular fibrosis which varied in intensity in different glomer- 
uli.  Many of the capillary loops are obliterated by connective tissue formation. 
In a few of the glomeruli this process has been complete with a later hyalinization 
of the fibrous tissue.  In other units the obliteration has been partial with the 
patent loops distended with blood.  The glomerular capsules showed a connective 
tissue thickening to which the fibrous capillaries may be adherent.  Hyperplasia 
of the capsular epithelium has been rarely observed.  Many of the tubules have 
disappeared  and their place has been  taken by masses of fibrous tissue.  The 
smaller arteries  are numerically prominent.  In such vessels there is a definite 
thickening of the middle coat.  The proximal convolutecl tubules are lined by two 
types of cells.  The first type in some of which processes of degeneration may still 
be noted have in general the appearance of convoluted tubule epithelium.  Such 
cells which are in the process of degeneration appear granular, stain imperfectly 
and show evidence of nuclear disintegration.  Other cells of this type have shown 
evidence of repair by the presence of mitotic figures.  The second type of cell in 
the regenerated epithelium of the convoluted tubules is atypical both in appearance 
and in location.  The cells when differentiated are flattened, stain uniformly and 
have prominent nuclei.  In other tubules this regenerated epithelium appears as 
a  syncytial layer with imperfectly differentiated cells.  Casts were frequently 
present in such tubules,  the loops of Henie and in the collected tubules (Figs. 5 
and 6). 
Conclusions.for Group III. 
1.  A chronic nephritis was produced in the dog which involves all of 
the histological elements of the kidney by the use of one subcutaneous 
injection of 4 rag. of uranium nitrate per kilo.  In such animals the 
sequence of the histological changes in the kidneys in correlation with 
their functional expression  has been  studied in  dogs from the com- 
mencement of the. injury until the chronic nehritis has existed for 5 
years and 2 months. 
2.  As early as the 2nd day following the development of an acute 
nephritis, the animals became polyuric with an albuminous urine con- 
taining granular casts.  There was a  marked reduction in the elimi- 
nation of phenolsulphonephthalein, or it failed to appear in the urine 
in a 2 hour period.  The reserve alkali of the blood was reduced to as 
low  as  7.8  and  a  retention  occurred  in  urea  nitrogen,  non-protein 
nitrogen and creatinine.  At such periods of renal functional depression 
there was slight evidence of structural glomerular injury but marked 
evidence  of  proximal  convoluted  tubule  degeneration  and  necrosis. 406  CHRONIC NEPHRITIS  BY URANILr~ NITRATE 
The severity of these functional changes increased to a period in the 
respective experiments which varied between the 6th and the 16th days. 
At such a period the amount of albumin and number of granular casts 
in the urine diminished, phenolsulphonephthalein reappeared  in the 
urine or increased in its percentage elimination; the reserve alkali of 
the blood increased and the retention of urea, non-protein nitrogen 
and creatinine decreased.  Such functional expressions of improvement 
were coincident with the commencement of epithelial regeneration in 
the proximal convoluted tubules and structural changes of a chronic 
degenerative character in the glomeruli.  The animals of this  group, 
unlike those of Group II, failed to reestablish a  functional normal. 
The explanation for this difference has not been ascertained  but is 
likely dependent upon the interrelationship which exists between  the 
maintenance of epithelial repair,  the degree of obliterative changes 
in the smaller renal vessels and the progressive fibrosis and hyaliniza- 
tion of the glomeruli.  In the animals of Group II there was more 
histological evidence of epithelial repair and less evidence of vascular 
and glomerular injury, 
In conclusion, the experiments permit certain general deductions: 
1.  Uranium nitrate in the dog induces an epithelial injury to the 
kidney which is very largely localized to the proximal convoluted tu- 
bule epithelium.  With the development of such structural changes 
in this tissue, functional alterations are induced in the glomeruli which 
later in the experiments are shown structurally by the formation of 
connective tissue in these units.  Other than the water elimination 
by the kidney, the other evidence of impaired renal function progres- 
sively increases as the epithelial injury becomes intensified. 
2.  A certain number of dogs rendered acutely nephritic from ura- 
nium, after a  variable period allowed for renal repair, returned to a 
complete functional normal.  The commencement of such a restora- 
tion in function is coincident with the development of the process of 
epithelial repair in the injured tubular epithelium and at  the same 
time  with  the  development of  histological  evidence of  structural 
changes in  the glomeruli.  The ability  of such animals to  effect a 
restoration in normal renal function depended upon the completeness 
and type of epithelial repair which develops and not with the degree to 
which connective tissue formation and obliteration of glomeruli has 
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3.  A final group of animals, after having developed an acute nephri- 
tis, were unable to effect such changes of repair in the kidneys that a 
normal functional state could be established.  These animals showed 
the  anatomical  characteristics  and  the  functional  expression  of  a 
chronic nephritis.  Such a failure to return to a state of functional nor- 
mal has been associated in them with the regeneration in the proximal 
convoluted tubules of  a  predominant type  of epithelium which is 
atypical for the tubules in this location and with the development 
of structural changes in the smaller arteries of the kidney and oblitera- 
tire changes in the glomeruli. 
4.  The study as a  whole emphasizes the functional value of  the 
proximal convoluted tubule epithelium during periods of acute  renal 
functional depression, when such periods are recuperated from with the 
establishment of a  state of normal renal function, and in conditions 
in which without a  complete restoration of function a functional im- 
provement has developed  with the establishment of a chronic nephritis. 
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EXPLANATION  OF PLATES. 
PLATE 31. 
FIG. I. Camera lucida drawing, Leitz,  oc. 2, obj.  6.  The figure  is from the 
kidney of the animal of Experiment 50, Table I, Group I.  The experiment was 
terminated at the height,  as indicated  by functional  changes,  of  an acute nephritis 
from uranium.  At a,  is shown an apparently normal glomerulus with capillary 
loops distended with blood.  The capillary  encrothelium  is  prominent with deeply 
staining nuclei. At b, are shown proximal convoluted tubules in v~rious stages 
of edema, vacuolation and necrosis. The cells  in the ascending and descending 
limits  of  Henle's  loops  at  c,  appear normal.  Such tubules  contain casts. 
FI~. 2. Camera lucida drawing, Leitz,  oc. 2, obj. 6.  The figure  is from the 
kidney of the animal of Experiment 27, Table I, Group II, and represents  the 
changes which have developed following  the acute nephritis  with a return to a 
state  of normal renal  function.  The glomerulus at  a,  appears larger  than normal. 
The capillary  walls are prominent and the nuclei  are hyperchromafic  and hyper- 
plastic.  Connective  tissue nuclei are found between the capillary  loops.  In 
some areas  the  loops  have become obliterated.  The epithelium of the convoluted 
tubules  at b, show an advanced stage  of repair  by the formation of an epithelium 
characteristic  for this  part of the tubule.  Mitotic  figures  are frequently  present 
in such regenerating,  specialized  cells. The atypical  type of flattened  epithelium 
has not participated in the process of epithelial repair. WILLIAM DEB. MAcNIDER  409 
PLATE 32. 
FIG.  3.  Camera lucida drawing, Leitz, oc. 2, obj. 6.  The figure is from the 
kidney of the animal of Experiment 17, Table II, Group II.  The figure represents 
another type of repair process which has developed in o  nimals of  the group and 
which has resulted in a restoration of normal renal function following the period 
of depressed function which existed during the stage of the acute nephritis.  At 
a,  is  shown  a  glomerulus  with  a  fibrous  capsule.  The  glomerular  capillaries 
show an increase in nuclei, many of the loops have been obliterated  while others 
contain blood.  The  epithelial  repair has  been effected by two  types of ceils. 
At b,  are shown regenerating  epithelial  cells  of the  type characteristic for the 
convoluted tubules.  The cells contain mitotic figures; At c, is shown a  relining of 
these  tubules  by a  flattened,  atypical type of cell.  Periglomerular  and  inter- 
tubular connective tissue is prominent. 
FIG.  4.  Camera lucida drawing, Leitz, oc. 2,  obj. 6.  The figure is from the 
kidney of the animal of Experiment 21, Table I, Group HI.  From tissue removed 
on the 13th day of the acute nephritis before any evidence of an improvement in 
renal function had developed.  The figure shows at a,  a glomerulus with capil- 
laries distended with blood.  The capillary walls are prominent and the endothelial 
nuclei hyperchromatic.  There is no histological evidence of acute degenerative 
changes in the glomeruli.  At b, are shown proximal convoluted tubules in various 
stages of edema and necrosis.  There is no evidence of epithelial repair.  At c, is 
shown the epithelium in the descending limb of Henle's loop which appears normal. 
There is no edema or necrosis.  The tubule contains a cast. 
PLATE 33. 
Fro.  5.  Camera lucida drawing, Leitz, oc. 2, obj. 6.  The figure  is from the 
kidney of the same animal of Experiment 21, 2 years and 8 months after the acute 
nephritis when the animal had developed both functional and anatomical evidence 
of a chronic nephritis.  The figure shows at a, glomeruli in an advanced stage of 
connective tissue formation.  Many of the capillary loops have been obliterated 
and the capsules are thickened.  At b, is shown a replacement of the normal con- 
voluted tubule epithelium by an atypical type of flattened ceil which is frequently 
imperfectly differentiated.  The smaller renal arteries are shown at c, with marked 
thickening of the middle coat.  There is an overgrowth of intertubular and peri- 
glomerular connective tissue at d. 
F~Q. 6.  Camera lucida drawing, Leitz, oc. 2, obj. 6.  The figure is also from the 
animal of Experiment 21.  At a, are shown parts of two glomeruli with a marked 
thickening of the  capsule,  connective tissue obliteration  of the  capillary loops 
and periglomerular connective tissue.  The epithelial regeneration of the proximal 
convoluted tubules has taken place by two types of cells.  At b,  is shown the 
regeneration by a  type of ceU normal for the convoluted tubules.  At ¢, these 
tubules are shown to be lined with a flattened, frequently undifferentiated cyto- 
plasmic layer.  Between the tubules  and taking the place of those which have 
failed to effect a repair as shown at d, is connective tisme in its cellular and fibrous 
stages of formation. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XLIX.  PLATE 31. 
FIG.  1. 
FIG. 2 
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FIG.  5. 
FIG. 6. 
(MacNider: Chronic nephritis by uranium nitrate.) 